Summary: Manual turbidimetric kinetic assays (10 to 20 samples/h) for the determination of prealbumin, albumin, IgG and IgA in CSF, and a turbidimetric end point assay for IgM are described for a mechanized microliter system (Eppendorf); it uses microcuvettes (total volume 300 ) and polyethylene glycol to increase sensitivity (detection limit 1 to 3 mg/1) and reaction velocity (< 12 min and 25 min, respectively). The results correlated satisfactorily with those obtained with laser end point nephelometry (1-2 h, total volume with Hyland laser 750 , with Behring laser 225 ), e.g. correlation coefficient of > 0.9 for comparison of CSF samples, recovery rates ~90 to 110%, day to day precision < 10%. No interference with other proteins was observed (e.g. hemoglobin). The turbidimetric assays were generally less expensive with respect to reagents (by factor 2 to 20), and they required smaller sample volumes (by factor 2) and less technician time (by factor 2 to 4, especially for number of samples < 10) than both nephelometric end point assays, because they do not need daily established calibration curves. The turbidimetric kinetic assay in series to 6 samples can be compared to the Beckman immunochemistry analyser which requires still less time, but is less sensitive and more cost-intensive.
Introduction
procedures described are less sensitive, so that they have to be adapted to the conditions in CSF. One possiThe determination of proteins in human serum by using bility is to increase the volume of the native sample their specific antisera has been described by applying which should be used unconcentrated on account of nephelometric (1) (2) (3) (4) or turbidimetric procedures (5) (6) (7) possible loss and denaturing of protein during concenwhich detect the antigen-antibody complex formed in tration processes. Another possibility is to add polythe presence of antibody excess. However, proteins in ethylene glycol to the reaction mixture in order to CSF exhibit considerably lower concentration levels than increase sensitivity of antigen-antibody reaction and to in serum (by a factor of 100 to 5000) and generally the linearize precipitin curves (8) . Moreover, a nephelometer with highly sensitive photomultipler of variable amplitude can be used (e.g. Hyland laser nephelometer) to increase sensitivity.
In this study manual turbidimetric and nephelometric techniques for the detection of prealbumin, albumin, IgG, IgA and IgM were adapted to CSF. Preliminary results of this study have been published recently (9) . For comparison, measurements with the Hyland laser nephelometer were used as reference values. Operating processes already exist which take into consideration different blanks for the determination of albumin and immunoglobulins in human CSF (10) . The CSF sample is diluted by a large volume of antibody solution containing only small amounts of polyethylene glycol (2 g/1), thus preventing unspecific effects.
Materials and Methods

Materials
Monospecific antisera and LN antisera from rabbits against human prealbumin, albumin, IgG, IgA and IgM as well as standard sera and control sera and LN standard sera were obtained from Behringwerke Marburg/L. M-Partigen immunodiffusion plates for the determination of prealbumin were supplied by Behringwerke Marburg/L.. Monospecific antisera from goats against albumin, IgG, IgA and IgM as well as standards were a kind gift from Hyland-Travenol M nchen. Monospecific antisera from sheep against IgG, IgA and IgM (Tina quant) as well as standards were a kind gift from Boehringer Mannheim G.m.b.H.. Monospecific antisera from goats against IgG, IgA and IgM as well as different standards were a kind gift from Beckman Instruments, M nchen.
All standards were diluted with sterile 0.15 mol/1 NaCl (saune) and stored at 4°C (for dilution scheme see figs. [1] [2] [3] [4] [5] . Polyethylene glycol 6000 was obtained from Serva, Heidelberg, and dissolved in buffers A: 0.05 mol/1 NaHjPCU, 0.15 mol/1 NaCl, Ιμπιοΐ/l merthiolate, 50 g/l-polyethylene glycol; B: 0.09 mol/1 NaH 2 PO 4 , 0.27 mol/1 NaCl, 1.8 μηιοΐ/ΐ merthiolate, 90 g/1 polyethylene glycol; C: 0.18 mol/1 NaH 2 PO 4 , 0.54 mol/1 NaCl, 3.6 μηιοΐ/ΐ merthiolate 180 g/1 polyethylene glycol. All reagents were of best analytical grade and dissolved in fresh quartzbidistilled water. Care was taken, that all solutions and antisera used were free of dust particles and brought to room temperature. For the Hyland laser nephelometry all solutions were filtered through Membrane filters (SM 11605,0.45 μπι pore size from Sartorius Werke, G ttingen). 50 (10) 10 (30) 10 (36) 10 ( dimetric end point assay ( fig. 1) . Generally, turbidimetric kinetic assays showed mean blank values of zero, having a standard deviation from which the detection limit is taken as 3 standard deviations of the blank value (cf. I.e. (12) ). Nevertheless, these kinetic assays do not need blanks.
Specimen collection
Techniques established with the Behring laser nephelometer as well as with the Eppendorf enzyme analyser 5086 (end point and kinetic assays) for albumin exhibited the same detection limits of 10 mg/1 (table 5) and upper ranges of about 1000 mg/1 (see fig. 2 ). These results indicate no differences between the two techniques with 500 1000 Albumin [mg/l] antisera and LN-antisera from Behringwerke Marburg/L. The Hyland laser nephelometer procedure set up in the same range showed a higher detection limit (by a factor of 5, see table 5) and a smaller slope ( fig. 2 ). Turbidimetric and nephelometric standard curves cannot be directly compared on account of their different units on the y-ordinate.
All the IgG assays had comparable detection limits (tab. 5); however, the turbidimetric end point assay yielded the lowest value and the steepest calibration curve ( fig. 3 ) indicating no need for LN-antisera to obtain optimum standard curves. The upper range lay higher with nephelometric assays (> 250 nig/1, see fig. 3 ) than with turbidimetric kinetic assay A (< 150 mg/1) containing low concentration of polyethylene glycol. demonstrates the effect of higher concentrations of polyethylene glycol which elevated the sensitivity and range of the calibration curve of the turbidimetric kinetic assay (compare curves from assay A with assay B, fig. 3 and cf. I.e. (8)).
From the three IgA assays Behring laser nephelometry and turbidimetric kinetic assay proved to have similar low detection limits (tab. 5) and upper ranges (~50 mg/l, fig-4 ), whereas Hyland laser nephelometry showed a higher detection limit (by a factor of 2 to 4) and a flatter shaped calibration curve of the same range. For the turbidimetric kinetic assay high concentrations of polyethylene glycol as well as twice concentrated antiserum mixture (Tina quant) were needed to get an optimum calibration curve (see assay A and B in fig. 4 ).
The detection limit for three end point assays for IgM, two nephelometric and a turbidimetric one, was similar (see table 5 ) as well as the upper range of calibration curves (> 30 mg/l, see fig. 5 ). Figure 5 demonstrates that the calibration curve obtained with the original concentration of antiserum of Tiria quant for an end point measurement of 25 min {assay A) was top flat and less sensitive. Only after concentrating the antiserum mixture by a factor of 4 and bringing the coneen* tration of polyethylene glycol to 34 g/1 was it possible to obtain an optimum calibration curve for 25 min end point measurements (assay B); under these con-2.00
.00 ditions, however, the kinetic assay proved to be less sensitive (assay C, fig. 5 ). It gave a calibration curve similar to the end point measurement assay using original concentrations of antiserum mixture (see fig. 5 assay A). 
Determination of precision Generally, turbidimetric and nephelometric techniques for the five proteins under investigation showed similar values for day-to-day precision, where lower concentrations around the detection limit of the assays exhibited greater coefficients of variation than higher concentrations of the diluted control sera (tab. 6,7). Nevertheless the values were < 10.5% in each case, also with CSF samples stored for 1-2 months at 5°C and measured once per week. The within-run precision yielded somewhat lower values than those of day-today precision (not shown here).
Comparing the day-to-day precision of calibration curves, obtained by the turbidimetric kinetic and end point assays, the coefficients of variation were below the 10% limit for standards with low and high concentrations. However, this was not the case for calibration curves established by both nephelometric techniques. Here standards in the lower range exhibited coefficients of variation between 10 to 40% indicating that antigen-antibody reactions are still proceeding after 1 or 2 h of incubation. The results point to the necessity of setting up a calibration curve for each nephelometric assay, whereas this is not the case for turbidimetric assays.
The variance between desired value and actual value of each control serum lay below the 10% limit with one exception of the turbidimetric kinetic assay for IgM, where a variance of ~20% was found (tab. 6). The data indicate differences of the calibration of the different control and standard sera which should be compared to a common standard (cf I.e. (13,14) ).
Tab. 6. Day-to-day precision of two turbidimetric techniques with five proteins in diluted control sera from Behringwerke Marburg/L. The accordance obtained between turbidimetric kinetic and nephelometric assays for prealbumin was more or less satisfactory (the Behring laser nephelometry yielded somewhat higher values, fig. 6 ), but there was also good agreement between nephelometric or turbidimetric end point analysis and radial immunoassay (y-intercept was below the detection limit of the tests, see tab. 9). Without the use of polyethylene glycol, the concentrations of which are given in the assays, the reaction of CSF ran slower than the standards yielding non^cpncor-dänt values with radial immunoassay.
The concordance obtained between turbidimetric kinetic or end point analysis and nephelometric analysis for albumin was good ( fig. 7 and tab. 9); it was satisfactory between Hyland laser nephelometry and Behring laser nephelometry (tab. 9). Here polyethylene glycol used in concentrations between 3.3 and 44 g/1 increased the sensitivity and range of turbidimetric and nephelometric assays (Behring laser) without producing any interference (y-intercept was around the detection limit of the tests; see fig. 7 , tab. 9).
The IgG concentrations determined in CSF by six different techniques correlated in different ways: a good concordance was obtained between turbidimetric end point analysis with polyethylene glycol (PEG) and Hyland laser nephelometry (tab. 9 negative y-intercept indicates a regression curve which is not linear possibly due to wrong values of blanks). It was good between turbidimetric kinetic analysis and Behring laser nephelometry 
. (79) (47) Difficulties appear in the correlation of IgA concentrations determined by three different techniques, using different standards (cf. 1. c. (14)), The concordance obtained between Hyland laser nephelometry and Behring laser nephelometry was unsatisfactory, even when values were calculated in IÜ (international units according to WHO, cf. I.e. (13)) for both standards: the slope of the linear regression curve became < 0.9 indicating higher IgA values for Hyland laser nephelometry (tab. 9). According to the data of both manufacturers Hyland IgA standards appear to be ^25% higher than Behring standards related to the W.H.O. standard. After correcting the slope by this factor, it becomes ~1, indicating a good correlation for IgA values in CSF for both techniques.
The concordance obtained between the turbidimetric kinetic assay and Behring laser nepheloinetry was good ( fig. 9 ). After adding higher concentrations of polyethylene glycol (> 13.3 g/1) to the nephelornetric end point assay (Behring laser, see tab. 2), higher IgA concentrations were obtained in CSF samples than in comparison to Hyland laser nephelometry (see tab. 1). It was also the case with Behring laser nephelometry without polyethylene glycol (slope ~ 1.16, r = 0.957, n = 57).
All these difficulties were mainly caused by a lower standard curve which had a lower slope in the presence of polyethylene glycol (after 2 h incubation time) thus yielding higher IgA concentration in CSF samples. The results point to the presence of different IgA. species in CSF and control serum, . The approximate costs of the reagents for one specimen and 10 or 30 specimens were lowest for turbidimetric kinetic assays for albumin, IgG and IgA and turbidimetric end point assay for IgM compared to both the nephelometric assays and Beckman immunochemistry analyser with respect to IgG (tab. 10). They can be further lowered with turbidimetric assays by a factor of 2 to 20 by omitting the daily calibration curve (tab. 10). Under these conditions the turbidimetric kinetic assay for a few samples of prealbumin also becomes cheaper than the nephelometric one (tab. 10). The costs of reagents for turbidimetric end point assays for prealbumin, albumin and IgG lay in the range of those of turbidimetric kinetic assays. The advantage of turbidimetric micro-assays disappears when semi-micro-assays of ~1 ml total volume are used.
Comments
The manual turbidimetric kinetic and end point assays described for prealbumin, albumin, IgG, IgA and IgM consume less time, cost less for reagents and usually require less sample volume than the two nephelometric end point assays. The turbidimetric kinetic assay in series of 6 samples can be compared to the Beckman immunochemistry analyser which needs still less time, but it is less sensitive and more costintensive. These turbidimetric techniques can be well compared to other manual (15, 16) and automated (17) immunological procedures for the determination of proteins in CSF.
